Within the frame of this work, Ti Si N hard coatings with 0#x#0.37 and thicknesses ranging from 1.2 to 3.5 mm, were prepared by 12x
collection of results can be found in the literature [3] [4] [5] .
Introduction
Furthermore, new materials such as superhard diamond, cubic boron nitride and some based carbides and nitrides, Surface engineering using applied coatings has become offer prospects for the development of new technologies a well-established technology and it is an extremely versatile mean of improving component performance [1] . which are having a significant impact on everyday life. The increasing importance and use of these surface coatOne of the most promising materials are the systems ings brought an increasing need for fundamental underconsisting of a nanocrystalline transition metal nitride / standing of their properties if the optimum coating for a amorphous Si N composites, nc-MenN / a-Si N , Me5Ti, 3 4 3 4 particular purpose is to be selected. Furthermore, there is a W, V, which can reach a hardness of about 50 GPa [6] [7] [8] . general agreement in literature that the performance of
The indentation testing to provide information about the tools and components in a tribological, corrosive or mechanical properties of a particular coating is nowadays mechanical loaded environment is mainly determined by one of the easiest, simple, and suitable for micromechanithe properties of near-surface layers [2] . This implies that cal analysis, and it has thus been widely used. However, to the solutions to achieve a coating tailored for a particular obtain a 'true' hardness value for a film that is not task will essentially depend on the ability to establish a influenced by the substrate, the area of the contact impresknowledge of the interrelationship between their physical, sion must be kept small relative to the film thickness. A structural and mechanical properties. In order to maintain comprehensive rule of thumb is that the depth of the or increase the lifetime of tools or any other tribological contact should be less than 10% of the film thickness [9] , system, a broad variety of different hard coatings have though in some materials substrate independent measurebeen developed, tested and used in industry and a large ments have been claimed for depths of up to 25% [10] . These restrictions are becoming more severe, especially in the case of a hard film on a soft substrate [11, 12] . In either case, the hardness impressions for films with micron accurately determined by optical means. The ultramicrohardness tests were performed in a comVickers indenter, while continuously recording the inputer-controlled Fischerscope H100 ultramicrohardness dentation load, L, and displacement, h, during one comtester, equipped with a quadrangular pyramidal Vickers plete cycle of loading and unloading [13] .
diamond indenter. The applied load was increased in 60 In this paper we have studied Ti Si N coatings steps until the nominal load reached 30 mN, which was the 12x x y deposited on steel substrates and produced by reactive maximum load in all tests. The same steps were used for magnetron sputtering. These samples allowed studying the the unloading stage. The system has a load resolution evolution of hardness for a range of different chemical better than 1 mN and the range of the nominal test load is compositions, substrate bias voltage and working gas flow. between 4 mN and 1 N. At the beginning of each test, the The hardness as a function of these parameters and its indenter approached the sample at a rate of 1 mm / s and the correlation with the developed texture and grain size will indentation depths are obtained with a capacitance disbe analysed and discussed in some detail. placement gage accuracy of 2 nm. An average number of 15 tests were performed in each sample. For samples where some dispersion occurred, 10 additional tests were performed.
Experimental details

Sample materials 2.2.2. Hardness and Young's modulus evaluation
The key quantities to obtain a ultramicrohardness value The Ti Si N samples were deposited by reactive r.f.
are the peak load, P , the displacement at peak load, 12x x y max magnetron sputtering from high purity Ti and Si targets h , the initial unloading contact stiffness, S5dP/ dh, max onto polished high-speed steel (AISI M2) and silicon which represents the slope of the initial portion of the substrates. The depositions were carried out in an Ar / N unloading curve and the displacement, which is found by 2 atmosphere in an Alcatel SCM650 apparatus. All sublinearly extrapolating the initial portion of the unloading strates were sputter etched for 15 min in a pure Ar curve to zero load [13] , h . where C is the ratio of the projected area A to the square the range of 1.9-3.2310 W m for Ti and 0.8-2.6310 22 of the penetration depth h (which is a constant for a given p W m for Si. The atomic composition of the as-deposited indenter, e.g. C524.5 for a four-sided Vickers indenter samples was measured by Rutherford backscattering spec- [13] ). trometry (RBS). An average number of five 'ball cratering' The Young's modulus, E, can be calculated by the slope (BC) experiments were carried out in each sample in order of the initial portion of the unloading curve by adopting to determine its thickness. X-ray diffraction (XRD) experiSneddon's flat-ended cylinder punch model [16] . By ments were undertaken in a Philips PW 1710 apparatus equating the projected area, A, to the punch area and using a Cu Ka radiation, in order to obtain texture. Also, putting the equation in the form of unloading slope, one sample grain size evaluation was conducted from Fourier has: analysis of X-ray diffraction line profiles. Since in our samples only one first-order diffraction profile is usually ] describe the microstrain term, e 5 C /n, in which, n is the where 1 /E 5(12n )/E 1(12n ) /E , with E and n n r f f i f f harmonic number of the Fourier coefficients. A two-degree being the Young's modulus and Poisson's ratio for the film polynomial is then fitted to the Fourier coefficients, which (n 50.25) [17] and E and n , the same quantities for the The error in the N atomic composition is about 3 at%. All samples, except Ti Si N , were produced with a 350-nm thick Ti adhesion layer. hardness value is very low (even lower than that of TiN), revealed that all samples grew on the (200) orientation of 3 which we believe it might be due to its relatively high Si phase 1, except the one prepared with 180 cm / min, which content. However, this seems to be the apparent behaviour also shows that two phases mixture.
of the Ti Si N system, which shows a significant lated to the obtained patterns. Hence, best results correplays an important role for the system behaviour. Furtherspond to the (220) preferential grain growth, while those more, the grain size is also important since once related corresponding to (200) and (111) seem to indicate interwith (220) texture (0.12#x#0.22), the ones with the mediate to lower hardness values. Not only the texture but small grain show the highest hardness values. also the grain size seems to be important for the improve-
The results as a function of the bias voltage show that ment in hardness. The samples with x50.12, 0.15, 0.17 best results are achieved when working in the range 250 and 0.22, which grew on the (220) direction, are a to 0 V. These samples grew preferentially on the (220) and particular example of this. The ones with the smallest grain (200) orientation (phase 1) for the negative biased ones size show exactly the highest hardness values.
and (111) orientation (phase 2) for the one produced under Regarding the bias voltage (Fig. 2b) , best results were no bias voltage. No significant changes are visible in the obtained for the samples produced within the range 250 to texture of the samples deposited as a function of the argon 0 V and growing preferentially on the (220) and (200) flow, which may explain the little variation observed in orientation (phase 1) for the negative biased ones and hardness values. (111) orientation (phase 2) for the one produced under no bias voltage. The sample produced with a bias voltage of 275 V presents a low hardness value, and a preferential
